36-201:Statistical Reasoning

1.[12 points;3 for eachpart]

(a) As youtossafair coin (probability of heads= 0.5) moreandmoretimes,the fraction of tosseghat
areheadswill typically getcloserandcloserto 1/2,if thetossesareindependendf oneanother(mark
oneboxonly)

IXTrue.

U False.

(b) As youtossa fair coin (probability of heads= 0.5) moreandmoretimes,the numberof headswill
typically getcloserandcloserto half thenumberof tossesif thetossesreindependentf oneanother

(markonebox only)

L True.
M False.

(c) Thepopulationof studentsatacertaincollege spendsnaverageof 2 hoursoutsideof classon home-
work assignmentdor every hourin classlectureor lab. Joepolls a randomsampleof 36 students
in oneof his classesandhe discoersthatthe averagetime thesestudentspendoutsideof classon
assignmentss 2.6 hoursperhourin class.

Thenumber2 is a(markonebox only)

[] Statistic.
X Parameter

(d) In part(c), thenumber2.6is a (markonebox only)

MStatistic.
[l Parameter
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2.[26 points] This pastSundaymorningl wasmakingoatmealhonest!)and| noticedthe following story
printedon thebox:

“Gr eatNews! Town ConfirmsOatmealMay Help LowerCholesteol”

“100 peoplein Lafayette,Coloradovolunteeredo eata good-sizedoowl
of oatmealfor 30 daysto seeif simple lifestyle changes—lik eating
oatmeal—couldchelp reducecholesterol After 30 days,98 loweredtheir
cholesterol.With thesegreatresults,the peoplein Lafayette proved to
themselesthatsimplelifestyle changesanmake a realdifferencé.

Following up onthis studyatht t p: / / www. quaker oat s. com | foundthatparticipantsvererecruited
through“word-of-mouthbuzz and adsin local papers”,and that the averagedrop in cholesterolfor the
groupwasabout25 mg/dl (milligrams per deciliter). This resultis consistenwith the generalknowledge
thatdietarychangesandexercisecanbe effective in reducingcholesterolevels. The NationalHeart,Lung
and Blood Instituterecommendshat healthy peoplekeeptotal cholesteroko 200 mg/dl or less,andthat
abore 240mg/dlis unhealthysoareductionof 25 mg/dl soundgrettygood.

(a) [4 points] Thestudyin this storywasan(markonebox only)

IXExperiment. The treatment was decided beforehand.
0 Obserational Study
O [Cant tell from theinformationgiven.]

(b) [6 points]A longerdescriptiorof thestudyatht t p: / / www. quaker oat s. comcontainghe pas-
sage‘Mitch Kanter Ph.D.,directorof clinical researctor Qualer Nutrition, the division of Qualer
Oatsthatanalyzedthe Lafayettedata,saidthat factorsotherthan oatmealconsumptiorcontributed
to theimpressie numbers. Nameary two plausiblefactors—besidesatingthe oatmealitself—that
could have contritutedto thereducedcholesterolevelsandexplain why they areplausible(onesen-
tencefor eachfactor).

There are many possible answers. Here are some

e The subjects were sensitized to their eating habits and changed their diets in other ways
that would reduce cholesterol.

e The subjects were sensitized to health habits (oatmeal is a “healthy food”) and so they
decided to increase their daily exercise level.

e The subject made some other lifestyle change, like quitting smoking, that the student
thinks is associated with lowering cholesterol (student must write that he/she thinks
there’s a connection).

e Only subjects who were also taking a cholesterol-lowering medicine participated in the
study (perhaps because they were generally motivated to reduce their cholesterol level,
etc.).

[continuedon next page]
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(c) [4 points]Whois likely to have conductedhe study?(markonebox only)

MTheQuaIerOatsCompaly.
L1 Anindependentesearctorganization. This is not acceptable.

X cant tell from theinformationgiven.

(d) [4 points]Whatcanyoudefinitelyconclude pnthebasisof this studyalone abouttheeffectsof eating
oatmealbn lowering cholesterolevels?(markonebox only)

L1 Eatingabowl of oatmeakvery dayreducesholesterolevels by a significantamount.

L Making peopleawareof their healthhabitsby having themto eatoatmealevery daywill cause
themto changeheir lifestyles,resultingin lower cholesterol.

U Thepeoplewhovolunteeredor this studywerereadyto changeheir lifestylesto reducecholes-
terollevels.

X Maybe eating oatmealor changingyour lifestyle can reduceyour cholesterollevels, but it's
difficult to evaluatetheseclaimsfrom this study

(e) [8 points]Designasimplestudythatwould bebetterfor determiningvhethereatingabow! of oatmeal
every dayreducesholesterolevels, by answeringhefollowing questiongonesentenceach):

| expect/hope that most answers are like the following; let me know if some are not. ..

e How shouldsubjectsn your studybechosen:
Take a representative sample from the population of interest.

¢ Whattreatment(syhouldbegiven:

There should be at least two treatments, an “oatmeal” treatment and a “non-oatmeal”
treatment.

The non-oatmeal treatment could be a “no change in diet” treatment, or it could be an
alternative diet item, like bagels or poptarts or whatever.. ., or it could be a “thou shalt
not eat oatmeal” treatment, for example.

¢ How shouldtreatment(speassignedo subjects:
Randomly of course!

e How would you controlfor theconfoundingeffectsyou listedin part(b) abore:

The answer should be relevant to the student’s previous answers. Here are some an-
swers that are relevant to my answers above.

— Getting a representative sample and randomly assigning them to treatments solves
the “self selection bias” problem.

— To solve the problem of having the oatmeal sensitize the subjects to other lifestyle
changes (diet, exercise, smoking, etc.), every treatment group should get lots of
informational seminars on the benefits of lifestyle changes for reducing cholesterol,
and the benefits of lowering your cholesterol.
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3. [25 points] Telephoneolling of a thousandpeopleor so by randomdigit dialling is currentlythe most
commonmethodusedby polling organizationssuchasGallup, Harris,andthe major news networks such
asCBSandABC. With the World Wide Web’s (WWW) tremendougrowth, however, anonline poll could
compileliterally tensof thousand®f opinionsquickly andat a fraction of the costof traditionaltelephone
suneys. As part of a reporton the potentialusesof WWW-basedsuneys, the Pav ResearciCenterfor
PeopleandthePresght t p: / / www. peopl e- pr ess. or g) comparedesultsof severaldifferentsuneys
conductedmmediatelyfollowing Clinton’s televised addressn mid-August1998 admittingan improper
relationshipwith Monicalewinsky. Thereversalof percentagefvoringaClintonresignatiorin thesuneys
in Tablel is striking.

ShouldClinton America — Trad.TelephondPolls—
Resign? Online Gallup ABC CBS
Yes 52% 23% 36% 21%
No 48% 72% 61% 61%
Don’t known/Other 0% 5% 3% 18%
Total 100% 100% 100% 100%
SampleSizes (VN =118,565) (N =633) (N =508) (N =944)

Tablel1: AmericaOnline (AOL) resultsbasedon responsefrom 118,565A0L userswho voluntarily an-
sweredhequestionResultsfrom Gallup,ABC, andCBSarefrom nationaltelephonesurneys conductedat
approximatelythe sametime, following Clinton’s televised(mid-August1998)address.

(a) [10 points]Sampledromtelephonesuneys canbetreatedasapproximate\SsRSs. Computeamaigin
of errorfor the Gallup poll, and make a confidencestatementaboutthe percentof US adultswho
favoredClintonresigningatthattime (fill in theblanksbelaw, usethe spaceprovidedfor yourwork).

If youusep = 0.5 in the SE calculation: If youusep = 0.21 in the SE calculation:
SE = (0.5)(0.5)/633 = 0.01987 SE = \/(0.21)(0.79)/633 = 0.01619
MOE = 2.-SE = 3.9"% MOE = 2.-SE = 3.24%
Sointenal runsfrom Sointenal runsfrom
17.03% to 24.97% 17.76% to 24.24%
[continuedon next page]
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(b) [5 points] The samplesizefor the CBS suney wasalmosttwice thatof the Gallupsuney. Ched all
thatapply.
0 Thelargersamplesizefor the CBSsuney will resultin lesshiasedsuney results.

MTheIargersamplesizefor the CBSsuney will resultin moreprecisesuney results.
O Youcant comparehebiasandprecisionof thetwo suneys, becauséfill in theblank):

(c) [5 points] The samplesizefor the AmericaOnline (AOL) suney wasmuchlargerthanfor the CBS
suney. Ched all thatapply:.

O Thelargersamplesizefor the AOL suney will resultin lessbiasedsurey results.
U Thelargersamplesizefor the AOL sunwey will resultin moreprecisesurey results.

X Youcant comparehebiasandprecisionof thetwo suneys, becauséfill in theblank):

The AOL survey is not a random sample (e.g.) .

(d) [5 points]Write down oneplausibledifferencebetweerthe peoplewhorespondedo the AOL surey
andthosewho respondedo the traditionaltelephonesuneys, thathelpsexplain the differentsuney
results.(Onesentencenly.)

For example...
e The AOLers are a self-selected sample and hence not representative of the population

of US adults, say.
e The AOLers are more well-to-do, techie-nerd types, etc., etc.

4.[25 points]In thegenerald.S.populationtherateof case®f HIV (thevirusthatcausefIDS) isroughly
30 peopleper100,000 sothe probabilityof arandomlysampledJS citizenhaving HIV is roughly0.0003.
A medicaltestis beingdevelopedto detectthe presencef the HIV virus; but aswith every medicaltest,
thetestreads'positive” for both HIV carriers(true positives)andsomenon-carrierdfalsepositives). The
probabilityof a positive readingfor thistestis about0.0009 Finally the probabilitythatarandomly-selected
personwould bothhave HIV andtestpositive by thistestis about0.00029.

(a) [5 points]Hereis ajoint probabilitytablefor this problem.Fill in the missingcells.

(B) TestsPositive?

Yes No Total

Yes| 0.00029 [0.00001] | 0.00030
(A) Has 0.00001]

HIV?
No | 0.00061 |0.99909| | 0.99970

Total 0.00090 |0.99910| | 1.00000
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(b) [4 points]Below is agenericVennDiagramfor problemswith two simpleevents,A andB. LetA =
“HasHIV” andlet B = “TestsPositive”. Shaddn thepartof thediagramcorrespondingo “A andnot
B”. Fromthejoint probabilitytableabore, write the probabilityof A andnotB here:

P[A andnotB] = 0.00001

(c) [8 points]Of thepeoplewho have HIV, whatpercentwould testpositive by thistest?
P[B|A] = P[AnB] _ 10.00029] _ 0.97

P[A] 0.00030

Would you saythis is aneffective test?Explainwhy or why not (onesentencenly).
Yes. Nice high rate of detection of cases.

(d) [8 points]Of the peoplewhotestpositive by this test,whatpercentwould actuallyhave HIV?
P[A|B] = P[AnB] _ |0.00029| _ 0.32

P[B] 0.00090

Would you wantto implementthis testfor everyonein the US populationZExplainwhy or why not
(onesentencenly).

No. Too many (2/3) of people who test positive are not really HIV carriers.
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5.[12 points; 3 for eachpart] The populationof studentsat a certaincollege spendsan averageof 2 hours
outsideof classon homeavork assignmentdpr every hourin classlectureor lab. The SD for all studentss

1.2 hours.Halfway throughtheintroductorystatisticscoursethere Joebeginsto suspecthatthetime spent
working on assignmentfor this coursedoesnot follow the distribution of thewhole college. He decidego

poll arandomsampleof 36 of his classmatesandhe discorersthatthe averagetime thesestudentspend
outsideof classon assignments 2.6 hoursperhourin class.

(a) Thestandarcerrorof themeanin Joes sampleis (markoneboxonly)

L 1.2hours.
MO.Zhours.

(b) Whatmalkesit OK to apply the 68—95-99.%ule to the sampleaverageandits standarderror here?
(markoneboxonly)
X TheCentralLimit Theorem
J ThelLaw of Averages

(c) How surprisingis the averagehomavork load for studentsn Joes statisticsclass?Using the 68—
95-99.7rule, the probability of seeinga sampleaverageequalto or greaterthan2.6, from arandom
sampleof 36 studentdrom thewholecollgge, is approximatelymarkonebox only)

X0.15%
L1 33.0% (Acceptable if (a) was 1.2)
L1 30.9% (Acceptable if (a) was 1.2)

(d) Thismalkesit (markoneboxonly)

L1 somavhatlikely (Acceptable if (a) was 1.2)
Munlikely

thatthe studentsn Joes introductorystatisticscoursehave the samehomevork loadasthe college as
awhole.
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